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Effect  of  Calcining  Temperature  of  Clays  upon  Their 

Pozzuolanie  Reaction. 

-Introduction- 
Cements  are  divided  into  two  general  classes,  those 
which  harden  in  air  and  those  which  harden  hoth  in  the  air  and 
in  water.    The  latter  are  called  hydraulic  cements  and  require 
water  for  the  Initial  hardening,  which  is  due  to  a  process  of 
hydration. 

Hydraulic  cements  are  represented  by  four  classes  of 

materials: 

1.    Pozzuolanie  cements. 
£.    Hydraulic  limes. 
5.    Roman  cements. 
4.    Portland  cem.ents. 

1.  As  this  thesis  attempts  to  explain  the  nature  of 
pozzuolanie  cements,  the  discussion  of  these  will  occur  further 
on. 

2.  Hydraulic  limes  may  he  considered  as  being  imoure 
limestones  consisting  of  carbonates  of  lime  and  magnesium  inti- 
mately mixed  by  nature  with  clay  and  sand.    They  are  burned  to 
900°  -  lOOO^C.  and  after  burning,  will  slake  in  water  due  to  the 
formation  of  CafOH)^.    This  is  followed  by  a  slow  setting  which 
attains  maximum  strength  and  hardness  when  the  cement  is  immersed 


in  water.    Owing  to  their  property  of  slaking,  pulverization  is 
not  necessary. 

S.    Roman  cements  are  similar  to  hydraulic  limes,  hut 
contain  a  larger  proportion  of  clay.    On  heing  hurned  to  ahout 
1000°C.  they  form  a  porous  friable  mass  which  does  not  slake  in 
a  lumpy  condition  but  requires  grinding  to  a  powder  before  slak- 
ing occurs.    The  setting  is  similar  to  that  of  hydraulic  limes. 

4.    Portland  cements  are  by  far  the  strongest  both  in 
tensile  and  crushing  strength  and  have  a  higher  cementing  power. 
They  are  purely  artificial,  consisting  of  an  intimate  mixture  of 
finely  powdered  limestone  and  clay  containing  FegOg  which  is 
burned  to  vitrification  or  to  a  clinker.    When  quenched  and  ground 
finely  the  Portland  cement  acts  quickly  and  develops  the  greatest 
strength  of  any  of  the  hydraulic  cements.    The  cost  of  this  in- 
timate grinding  of  the  raw  materials  and  the  pulverizing  of  the 
clinker  together  with  the  cost  of  the  fuel  for  burning  to  such  a 
high  temperature  is  considerable  and  naturally  causes  a  higher 
priced  cement.    Nevertheless,  this  high  cost  is  balanced  by  the 
increased  strength  and  uniformity  of  the  product. 

-  Theory  - 

The  oldest  known  hydraulic  cements  are  the  pozzuolanes, 
which  were  used  extensively  by  the  Romans  for  building  their 
gigantic  aqueducts  and  breakwaters.    The  pozzuolane  materials 
used  by  these  ancient  Romans  consisted  of  a  volcanic  tufa  which 
was  mixed  with  slaked  lime.    The  Greeks  used  a  volcanic  tufa  from 
the  Island  of  Santorin  and  this  material  known  as  Santorin  earth, 
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is  still  used  to  some  extent  on  the  Mediterranean.    Alone,  these 
pozzTiolane  materials  do  not  form  a  cement  but  require  the  presence 
of  slaked  lime  to  induce  the  hardening  action.    The  activity  of 
puzzuolane  materials  der^ends  upon  the  presence  of  free  silicic 
acid  or  hydrous  silicic  acid  which  readily  enters  into  coml)ination 
with  lime  hydrate.    Any  material  in  which  SiOg  may  "become  available 
as  hydrous  silicic  acid, when  acted  upon  by  water, may  be  used  for 
this  purpose.    Basic  slags  from  blast  furnaces  may  be  ground  and 
mixed  with  lime  to  form  an  artificial  puzzuolane  known  as  slag 
cement.    Dehydrated  clays  burned  at  a  low  temperature  provide 
available  SlOg  for  reaction  with  slaked  lime  to  form  a  good  nozzuo- 
lane  cement. 

The  artificial  Roman  cements  are  closely  related  to  the 
pozzuolanes  in  so  far  as  they  both  require  free  silicic  acid  to 
produce  hardening.    The  Roman  cement  rocks  are  impure  limestones 
containing  from  fifty  to  seventy  per  cent,  of  CaCO^  and  fifty  to 
thirty  per  cent,  of  clay.    These  rocks  are  calcined  to  a  tempera- 
ture ranging  from  900°  to  1000°C.  dissociating  the  limestone  into 

\ 

CaO  and  COg  which  escapes.    The  chemical  water  in  the  clay  is 
driven  off  leaving  SiOg  in  an  easily  available  condition.  This 
free  SiOg  and  AlgOg  then  combine  with  the  CaO  in  the  presence  of 
water  forming  compounds  that  set  to  a  hard  compact  mass. 

In  1766  SmeatonJ"  desiring  to  obtain  a  hydraulic  cement 
for  the  construction  of  the  Eddystone  light-house  burned  an  im- 
pure limestone  containing  clay  which  gave  the  desired  product. 
A  short  time  later  Bergman'^  introduced  a  theory  that  MnO  in  hydrau- 
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lie  limes  caused  the  hardening  action.    Following  this  in  1785, 
Guyton  de  Morveau  showed  by  analysis  that  MnO  was  frequently  miss- 
ing in  hydraulic  limes  and  that  it  often  appears  as  an  impurity  in 
clay.    Hence  MnO  was  not  the  cause  of  the  hydraulic  properties. 
In  1818  Vicat-'-  studied  the  analyses  of  183  different  limes  find- 
ing that  all  hydraulic  limes  contained  clay  and  that  artificial 
mixtures  of  lime  and  dehydrated  clays  produced  hydraulic  mortars. 
John"'"  in  1814  investigated  mortars  100  to  106  years  old.  finding 
that  the  COg  was  less  than  that  required  for  CaO  and  concluded 
that  part  of  the  CaO  was  combined  with  the  AlgOg,  SiOg  and  FegOg 
in  compounds  which  took  an  essential  part  in  the  hardening.  In 
18E3  Berthier"^  studied  mixtures  of  chalk  and  colloidal  silicic 
acid,  attempting  to  produce  a  calcium  silicate.    He  concluded  that 

2  CaO  •  3  SiOg  was  the  active  substance  in  cements.    Rivot"^  be- 
lieved that  free  CaO  could  be  sepf-irated  from  cements  by  HgO.  He 
did  this  and  analyzed  the  residue  which  showed  £  CaO*SiOg  and 

3  CaO*  AlgOg.    He  concluded  that  the  hardening  resulted  as  with 
gypsum  by  hydration  in  which  the  orthosilicate ,  2  Ca0*3i0g,  took 

up  3  molecules  of  water  of  crystallization. 

2 

Le  Chatelier    in  his  work  produced  a  hydraulic  cement 
by  the  mixing  of  a  solution  of  sodium  silicate  or  colloidal  silicic 
acid  with  baryta.    He  gives  the  formula  for  the  cement  produced 
by  the  mixture  as  SiOg'BaO*  6  HgO.    In  fact,  any  of  the  alkaline 
earths  may  be  used  as  the  base. 

A  mortar  composed  of  lime  and  a  natural  or  artificial 
puzzuolane  material  hardens  by  an  action  similar  to  that  of  Port- 
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land  cement.    The  water  dissolves  a  portion  of  the  liire  so  that 
the  particles  are  surrounded  with  lime  water.    The  AlgOg  and  SiOg 
of  the  puzzuolane  then  react  with  the  lime  forming  a  gel  which 
hardens  by  dessioation  and  absorption  of  lime  in  the  usual  manner 
to  form  the  indefinite  colloidal  calcium  silicate.     The  hydraulic 
properties  of  the  mortar  depend  upon  the  acid  character  and  the 
colloidal  properties  of  the  clayey  constituents.^ 

Vicat*^  produced  artificial  puzzuolane  cements  by  mix- 
ing dehydrated  clays  and  limes.    He  states  that  the  best  heat  for 
roasting  the  materials  for  artificial  puzzuolanes  is  the  tempera- 
ture  at  which  the  clay  has  the  lowest  specific  gravity.  Knote 
checked  this  and  states  that  the  hydraulic  properties  are  immediate- 
ly lessened  as  a  result  of  the  change  which  produces  the  increase 
of  specific  gravity.    He  shows  a  sudden  increase  in  the  specific 
gravity  of  clay  at  960°C.  and  suggests  that  this  is  due  to  the 
formation  of  an  isomeric  compound  or  to  the  combination  of  the 
silicates  to  produce  a  new  compound,  either  of  which  reactions 
might  evolve  heat.    He  also  found  that  non-plastic  clays  seem  to  j 
acquire  a  higher  specific  gravity  than  the  plastic  clays  which  is  j 
probably  due  to  the  difference  in  the  physical  condition  of  the 
clays. 

Mellor  and  Holdcroft^  find  that  there  is  no  definite 
temperature  above  which  kaolinite  decomposes  and  below  which 
kaolinite  does  not  decompose.    The  speed  of  decomposition  is  accel- 
erated by  raising  the  temperature.    Decomposition  at  500°C.  is 
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sufficiently  rapid  at  atmospheric  pressure  to  deeorrrpose  an  appre- 
ciable quantity  in  an  hour, 

Kaolinite,  AlgOg  •  2  SiOg  •  2  HgO.  is  inactive  toward 
lime  hut  when  dehydrated  and  heated  to  700-800°C.  it  reacts, read- 
ily forming  calcium  silicates  and  aluminates.    The  heat  drives  off 
the  two  molecules  of  HgO  leavinr  the  AlgOg  and  SiOg  free  to  com- 
hine  with  the  lime.    The  AlgO^  loses  its  property  of  a  base  and 
becomes  an  active  acid  with  the  SiOg."^    In  strongly  basic  mixes 

Al  On  acts  as  an  acid  forming  aluminates  and  in  the  presence  of 
2  o 

strong  acids,  it  acts  as  a  base. 

Clays  consist  of  a  mixture  of  minerals  some  of  which 
are  hydrated.    By  heating  to  a  temperature  of  about  500^0.  or 
above,  the  water  Is  expelled  leaving  A1202,  Si02  and  probably  the 
FegOg  in  a  state  in  which  they  readily  react  with  a  strong  base 
like  CaO.    The  exact  nature  of  the  compounds  which  are  formed  in 
the  Pozzuolane  reaction  are  not  definitely  determined.    They  are 
probably  hydrous  silicates  and  aluminates  of  calcium  or  calcium- 
alumina-  silicates  with  possibly  some  ferrites. 

The  burning  of  cement  mixtures  is  Icnown  to  produce 
certain  com.pounds  between  CaO.  AlgOg.  FegO^  and  SiOg.     In  the 
study  of  Shepherd  and  Rankin^  the  following  compounds  have  been 
found : 

CaO*  SiOg    -  meta  calcium  silicate-  hydraulic 

2  CaO*  SiOg    -  ortho  calcium  silicate-  hydraulic 

3  CaO'  SiOr,    -  tri  calcium  silicate-  hydraulic 
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le  Chatelier    produced  a  mono- c ale Itun  aluminate  Al202.CaO 
which  on  being  gronnd  to  a  fine  powder  and  tempered  and  iir.mersed 
in  water  sets  hard.    He  also  produced  the  following  aluminates 
which  acted  similarly  to  the  ahove 

2  A1202*  3  CaO 
-^^2^2*  3  CaO 

Zulkowski^  heated  a  mixture  of  the  formula  2  CaO'AlgO^ 
to  vitrification  and  it  also  hardened  rapidly  to  a  very  hard  cement. 
He  also  prepared  the  following  aluminates- 

3  A1202*  6  CaO 
6  AlgOg*  Z  CaO 

It  is  prohahle  that  S^QgO^  may  enter  into  combinations 
similar  to  the  aluminates.  Some  of  these  also  possess  hydraulic 
properties. 

The  hydraulic  property      of  pozzuolane  has  for  a  long 

I    time  been  attributed  to  the  presence  of  iron  but  results  obtained 

from  non- ferruginous  clays  have  caused  the  abandoning  of  that 

opinion.    It  would  be  wrong  to  say  that  it  is  entirely  inert,  but 

it  is  certain  that  its  presence  is  not  indispensable  since  there 

are  very  energetic  pozzuolanes  which  contain  no  iron. 

4 

Bleininger    states  that  colloidal  silicic  acid  on  being 
brought  in  contact  with  hydrated  lim.e  will  slowly  harden  to  form  a 
cement,  the  substance  being  a  hydraulic  calcium  silicate.  The 
chemical  activity  of  the  colloid  during  its  hydrous  state  is  pro- 
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portional  to  the  numher  of  molecules  of  water  fixed  chemically. 

Of  the  calcium  silicates  it  is  probable  that  only  the 
CaO'SiOg  is  formed  in  pozzuolane  cements.    The  ortho-silicate  is 
formed  at  higher  temperatures  and  the  tri-calcium  silicate  at  still 
higher  temperatures.    The  last  is  the  important  hydraulic  compound 
of  Portland  cement. 

C 

A-  Pozzuolane  high  in  CaO*Si02 

B-  Low  hydraulic  properties,  probably  contain 
considerable  £  CaO'SiOg. 

C-  Portland  Cement  high  in  Z  CaO*Si02 
Temperafurerfii^rn  of  Cement  Mix 

-Present  Work- 

The  purpose  of  this  experiment  was  to  investigate  the 
effect  of  calcining  three  type  clays  in  regard  to  their  properties 
aa  pozzuolane  materials.    Three  types  of  clay  were  used,  a  North 
Carolina  Kaolin,  Bloomingdale  Stoneware  and  Streator  Shale.  The 
kaolin  was  a  white,  residual  clay  and,  from  burning  evidence,  had 
no  appreciable  iron  content.    The  stoneware  clay  was  a  semi-refrac- 
tory clay  posse,  sing  considerable  plasticity.    The  shale  was  a 
type  commonly  used  to  make  paving  brick.     Samples  of  the  clays  were 
burned  in  a  down-draft  test  kiln,  being  held  at  the  required 
temperature  for  three  hours.    These  burning  temperatures  were  400, 
450.  600,  560,  600,  700,  800,900,950.  1000^0.    The  kaolin  remained 
white  thruout  the  range.     The  stoneware  clay  changed  from  its  natur- 
al color  at  600°C.  to  a  light  buff  at  700°.    The  Streator  shale 
became  a  bright  red  at  800°  C. 

The  burned  clays  were  ground  in  ball  mills  to  pass  thru 
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100  mesh  sieves  and  intimately  mixed  with  twenty  per  cent,, by 
weighty  of  lime  hydrate.    The  mixtures  were  made  up  with  water  to 
a  normal  consistency  and  molded  into  standard  tensile  briquets. 
After  remaining  in  the  moist  closet  for  24  hours,  they  were  placed 
under  water  and  the  tensile  strengths  were  determined  at  the  follow- 
ing periods:  1  wk. ,  2  wks.,  S  wks.,  4  wks.,  2  mo.,  S  mo.  The 
briquets  wer<"  tested  wet  on  a  Reihle  Tensile  Test  Machine. 
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Stoneware- 

Burned  at  500°C 

Tensile  Strength 

after 

1  WK« 

3  wks.         4  wks. 

2  IDO  • 

3  mo . 

Would 

O  X 

75 

90 

80 

70 

KA 
04 

74 

97 

75 

80 

not 

DC 

80 

93 

80 

85 

raise 

76 

93 

64 

85 

56 

85 

80 

83 

82 

"beam 

55 

78 

75 

75 

83 

58 

80 

97 

68 

85 

68 

75 

100 

65 

75 

55 

75 

80 

80 

68 

Average 

55.7 

76.8 

90.6 

74.4 

80.5 

Stoneware- 

Burned  at  550°C 

Tensile  Strength 

after 

1  WK« 

2  wks. 

S  wks.          4  wks. 

2  mo  . 

3  mo. 

41 

75 

120 

164 

122 

130 

Q 

oo 

77 

145 

166 

120 

120 

74 

145 

155 

120 

115 

rieina.iD— 

85 

142 

162 

145 

112 

U.OX 

85 

125 

165 

130 

105 

85 

152 

135 

115 

120 

not 

87 

140 

165 

140 

135 

raise 

85 

152 

158 

130 

115 

"beam 

79 

122 

158 

85 

155 

Average 

81.7 

138 

158.3 

125.2 

119 

stoneware-  Burned  at  600  C 


Tensile  Strength 
after 


^     WA.  • 

2  wkSa 

Z  wks« 

4  wks. 

2  mo. 

3  mo. 

50 

65 

160 

lis 

42 

64 

165 

190 

172 

176 

48 

66 

180 

185 

160 

162 

45 

64 

145 

180 

150 

190 

50 

60 

170 

167 

130 

180 

65 

175 

185 

165 

150 

mm 

62 

180 

135 

152 

175 

•«» 

65 

165 

180 

140 

190 

65 

180 

175 

135 

190 

47 

64.2 

169 

175.4 

147 

173.5 

Stoneware-  Burned  at  700  C 


Tensile  Strength 
after 


1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

65 

93 

122 

120 

120 

140 

85 

93 

135 

130 

120 

150 

80 

95 

135 

120 

130 

165 

79 

88 

142 

130 

155 

137 

T9 

105 

130 

129 

152 

140 

85 

98 

143 

135 

135 

145 

82 

100 

120 

140 

138 

162 

77 

100 

140 

143 

130 

150 

80 

102 

140 

143 

135 

148 

125 

155 

79.1 

97.1 

133.7 

132.2 

134 

149.2 
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Stoneware-    Burned  at  800^0 

Tensile  Strength 

after 

1  wk. 

2  wka. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

60 
60 
62 
70 
63 
65 
65 
60 

56 
65 
90 
85 
90 
85 
85 

198 
205 
212 
222 
265 
208 
210 
182 
232 
205 

245 
250 
258 

260 
212 
240 
245 
245 
265 

165 
168 
154 
160 
180 
150 
170 
160 
155 
162 

190 
170 
215 
190 
200 
190 
155 
165 
200 

Av. 

63.1 

79.4 

PI  "S^-Q 
CXiJ  • 

247 .5 

167.4 

186 

0 

Stoneware-    Burned  at  900  C 

Tensile  Strength 

after 

1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

85 
80 
78 

90 
93 
85 
83 
85 
90 
90 

145 
140 
120 
151 
140 
150 
140 
155 
135 
150 

183 
180 
183 
183 
170 
165 
193 
160 

165 
210 
210 
182 
215 
215 
191 
197 

180 
200 
160 
175 
175 
203 
160 
165 
190 
150 

180 
160 
190 
155 
140 
185 
170 
190 
185 

Av, 

85,9 

142.6 

178.4 

198.1 

175.8 

a73 
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Stoneware-    Bxirned  at  950  C 
Tensile  Strength 
after 


X   wiL  • 

2  wks  • 

3  wks« 

4  wks. 

2  mo. 

3  mo. 

46 

80 

150 

186 

180 

225 

85 

172 

195 

175 

165 

56 

82 

170 

183 

198 

176 

60 

85 

180 

191 

190 

210 

66 

96 

180 

191 

185 

150 

56 

85 

135 

210 

180 

220 

56 

183 

176 

205 

175 

56 

140 

135 

175 

150 

60 

185 

175 

150 

170 

67 

Av.  55 

85,3 

166.1 

182.1 

182 

181 

1  wk. 

60 
50 
67 
55 
48 
60 
60 
52 
35 


'  Stoneware-    Burned  at  lOOO^C 
Tensile  Strength 
after 


Av.  52 


2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

84 

165 

210 

212 

205 

70 

165 

235 

172 

220 

76 

152 

£15 

190 

245 

81 

192 

175 

193 

220 

80 

165 

205 

182 

195 

86 

175 

198 

218 

222 

79 

170 

230 

180 

235 

89 

162 

190 

175 

205 

85 

185 

213 

150 

185 

186 

81.1 

169 

208 

185.7 

214.6 

r 

1  1      mil  MWW  IMIIMM                   IT-^        ■  'V 

^   

14. 1 

Streator  Shale- 

Burned  at 

500 °C. 

Tensile 

Strength 

after 

1  wk. 

2  wks. 

*5   WtvS  ♦ 

A.  wtV'cs 

*±    WJ4.D  « 

2  IDO. 

3  mo. 

£0 

55 

60 

78 

70 

14 

57 

70 

83 

70 

Remain- 

55 

65 

85 

A  AT* 

(J-  vX 

60 

der 

SO 

65 

75 

WU  U  X  u. 

71 

woiJld 

48 

6T 

75 

60 

not 

60 

70 

65 

X  CX  X  !3  O 

59 

raise 

60 

70 

79 

"hp  am 

70 

"beam 

60 

70 

90 

70 

64 

— 

53 

§7 

77 

66 

■ 

Burned  at 

Streator  Shale- 

650°C. 

Tensile 

Strength 

after 

1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

45 

75 

125 

144 

1  58 

48 

90 

125 

160 

150 

48 

90 

120 

158 

1  fin 

148 

52 

96 

134 

150 

158 

X  w  w 

48 

104 

128 

140 

X  oc 

X  V/ 

4S 

95 

150 

130 

Jl  CO 

140 

50 

91 

142 

150 

141 

X  "XX 

48 

83 

150 

155 

X^-fcJ 

1  52 

95 

120 

135 

X  *±v> 

151 

100 

170 

Av.  47 

91.9 

132.7 

149.2 

145.8 

151 

1 

15 


Streator  Shale-    Burned  at  600°C. 
Tensile  Strength 
after 


1  wk. 

2  wks. 

S  wks. 

4  wks. 

2  mo. 

3  mo. 

35 
3d 

20 
Remain- 
der 
would 

not 
raise 
heam 

70 
71 

60 
60 
70 
65 
58 
70 
69 
69 

120 
125 
123 
160 
128 
145 
162 
156 

140 

loo 

160 

155 

136 

166 

130 

160 

152 

1  60 

155 

162 
162 
170 
185 
165 
181 
193 
155 
170 

165 
190 
185 
180 
206 
200 
202 
190 
200 
200 

66.2 

142.9 

153 

174.8 

191.7 

Streator  Shale- 

Burned  at 

700°C. 

Tensile 

Strength 

after 

1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

None 
would 
raise 
beam 

48 
48 
52 
58 
52 

110 
105 
118 
115 
111 
105 

122 
112 
142 
125 
120 
110 

130 
135 

J,  'to 

95 
125 
116 
130 
125 
125 
125 

152 
152 
160 
170 
143 
165 
140 
142 
168 

Av. 

51.6 

111.5 

122 

125 

154 

.7 


16. 


Streator  Shale-    Btirned  at  800  C. 


Tensile  Strength 


after 


1  wk. 

2  wks. 

S  wks. 

65 

140 

Hone 

56 

140 

50 

150 

would 

52 

1£5 

64 

155 

raise 

60 

160 

63 

180 

"beam 

60 

190 

Ay* 

58.7 

162.5 

4  wks. 

2  mo. 

3  mo. 

c  rsc 
c  Uo 

XOO 

185 

140 

203 

175 

140 

175 

160 

140 

160 

165 

160 

160 

155 

ISO 

160 

165 

152 

165 

150 

154 

190 

180 

165 

165 

171.2 

161.4 

172.2 

Streator  Shale-    Burned  at  900  C. 
Tensile  Strength 


after 


1  wk. 

2  wks. 

3  wks. 

50 

103 

170 

52 

92 

162 

54 

93 

193 

54 

94 

188 

52 

94 

195 

56 

92 

172 

55 

80 

135 

45 

96 

54 

90 

103 

52.5 

93.8 

173.6 

4  wks. 

2  mo. 

3  mo. 

202 

210 

25£ 

226 

220 

240 

190 

210 

240 

210 

205 

220 

230 

208 

250 

170 

205 

250 

165 

190 

230 

185 

192 

222 

210 

252 

225 

235 

198 

207.5 

239.1 

r—  ^ 

— === 

— — — — — — 

17. 

Str 

eat or  Shale- 

Burned  at 

950°C. 

Tensile  Strength 

after 

1  wk. 

S  wks. 

S  wks. 

4  wks. 

2  mo. 

3  mo. 

85 

110 

E20 

211 

None 

None 

100 

115 

OAK 

205 

244 

would 

would 

95 

100 

200 

240 

raise 

raise 

90 

150 

lyu 

C  C(  R 
COO 

'beam 

beam 

95 

Remain- 

OA A 

200 

O  A  O 

cUc 

85 

der 

T  A  C 

195 

241 

82 

broke 

210 

215 

85 

195 

243 

215 

220 

225 

250 

Average 

88.6 

119 

«»05.5 

230.1 

Streator  Shale 

-  Burned 

at  lOOO^C. 

Tensile 

Strength 

after 

1  wk. 

2  wks . 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

1  Hone 

None 

70 

105 

T  CA 

150 

1  A  C 

would 

would 

76 

120 

175 

OCA 

260 

raise 

raise 

96 

120 

190 

o  c  c 

255 

beam 

beam 

96 

115 

200 

203 

95 

110 

183 

n  A  C 

195 

85 

120 

155 

180 

90 

100 

143 

165 

80 

105 

16^ 

200 

75 

196 

Average 

84.5 

112 

183.5 

207 

Kaolin-    Burned  at  400  C. 
Tensile  Strength 
after 


AV. 


1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  ffio. 

Z  mo. 

44 

52 

10 

90 

60 

60 

remain- 

remain- 

80 

52 

55 

der 

der 

76 

85 

52 

60 

would 

would 

78 

80 

48 

60 

not 

not 

78 

82 

65 

50 

raise 

raise 

77 

75 

54 

Remain- 

"beam 

"beam 

75 

85 

62 

der 

77 

68 

would 

60 

90 

not 

71 

raise 

team 

73.6 

81.9 

56.1 

57 

1  wk. 
Would 

not 
raise 

"beam 


2  wks 
Would 

not 
raise 

"beam 


Kaolin-    Burned  at  450  C. 
Tensile  Strength 
after 
3  wks.  4  wks. 


40 
35 
60 
45 
40 
46 
36 


60 
60 
50 


2  mo 

46 
38 
45 


3  mo. 

51 
60 
65 
50 
62 
65 
60 
65 
62 


Av. 


41.4 


56.3 


40.6 


60 


Kaolin-    Burned  at  500  C. 


Tensile  Strength 
after 


1  wk. 

2  wks. 

4  wks  • 

c    ulO  • 

o  mo  • 

41 

60 

BZ 

72 

50 

80 

41 

58 

77 

66 

62 

60 

51 

oU 

68 

40 

58 

78 

90 

70 

62 

42 

50 

83 

95 

70 

62 

67 

76 

80 

55 

60 

44 

50 

56 

92 

61 

60 

70 

62 

60 

m 

55 

70 

n 

68 

72 

44.4 

56.2 

74.2 

81.1 

6S.4 

67.3 

0 

Kaolin-    Burned  at  550  C. 


Tensile  Strength 
after 


1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

58 

60 

60 

79 

85 

100 

60 

66 

85 

87 

91 

80 

51 

64 

85 

75 

108 

75 

58 

64 

80 

80 

95 

100 

60 

66 

75 

82 

82 

80 

60 

60 

80 

70 

95 

8^1: 

60 

60 

70 

85 

84 

95 

51 

64 

75 

77 

100 

90 

50 

72 

87 

88 

83 

88 

88 

85 

56.4 

63 

75.8 

81.0 

91.6 

84.9 

20. 


Kaolin-    Burned  at  600°C. 

Tensile  Strength 
after 

1  wk,           2  wks.          2  wks.  4  wks.  2  mo.  3  mo. 

54                62                83  95  85  85 

56                 72                 85  90  87  96 

56                69                 78  90  84  75 

58                62                75  76  90  85 

66                70                80  92  86  75 

60                70                82  87  90  90 

54                70                83  90  85  90 

5e                 70                94  75  96  88 

50                70                83  88  95  88 

60                71                 87  -  91  85 

Av.     56.8             68.6             83.0  78.2  88.7  85.7 


Kaolin-  Burned  at  700 °C. 
Tensile  Strength 
after 

1  wk.  2  wks.  3  wks.          4  wks.  2  mo.  3  mo. 


68 
66 
56 
61 
65 
6S 
68 
56 
60 


2  wks. 

3  wks. 

4  wks. 

2  mo. 

71 

86 

70 

110 

66 

S7 

90 

110 

68 

90 

85 

125 

70 

86 

90 

115 

67 

90 

87 

110 

74 

90 

80 

110 

60 

85 

85 

130 

65 

90 

95 

125 

90 

85 

107 

50 

140 

67.6 

84.2 

85.2 

118.2 

116 
135 
125 
118 
120 
120 
130 
125 
120 


Av.  60.6  67.6  84.2  85.2  118.2  123.1 


21.  j 

Kaolin-    Burned  at  800^0 

Tensile 

Strength 

after 

2  wks. 

5  wks. 

4  wks. 

2  mo. 

3  mo. 

70 

70 

70 

65 

70 

65 

70 

63 

70 

75 

80 
80 
84 
83 
80 
82 
74 
80 

80 
77 
81 
75 
75 
85 
80 
83 
83 

mm 

8S 

80 
87 

85 
80 
70 
87 

84 
82 
80 
80 
84 
75 
81 
75 
80 
85 

78 
75 
76 
70 
72 
70 
71 
72 
76 

Av.  69.0 

80.4 

79.9 

83 

82.6 

73.3 

Kaolin-    Burned  at  900*^0. 

Tensile 

Strength 

after 

1  wk. 

2  wks. 

3  wks. 

4  wks. 

2  mo. 

3  mo. 

58 
50 
69 
66 
58 
6S 
60 
63 
60 

50 
67 
59 
58 
60 
66 
64 
60 
60 

90 
76 

78 
85 
80 
90 
88 
88 
87 
95 

90 
90 
85 
95 
82 
80 
78 
85 

97 

90 
105 
103 
101 
95 
89 
110 
105 
105 

98 
100 
106 
105 
115 
108 

95 
108 

Av.  59.4 

65 

85.6 

86.6 

100.0 

104 

L^^r..^  

Kaolin-    Burned  at  950°C. 
Tensile  Strength 
after 


1  wk. 

2  wk8. 

3  wks. 

4  wks. 

2  mo. 

2  mo. 

60 

75 

85 

76 

80 

85 

70 

70 

80 

90 

86 

80 

70 

60 

80 

90 

80 

82 

65 

67 

80 

88 

80 

90 

74 

65 

85 

96 

90 

75 

65 

75 

80 

94 

63 

88 

71 

76 

90 

86 

QZ 

80 

74 

75 

95 

90 

90 

80 

65 

72 

90 

102 

90 

85 

80 

68.2 

72.6 

85 

89.9 

84.5 

82.5 

Kaolin-    Burned  at  lOOO^C. 


•Tensile  Strength 
after 


1  wk. 

2  wks. 

2>  wks. 

4  wks. 

2  mo. 

S  mo. 

62 

75 

75 

80 

100 

90 

55 

65 

75 

62 

88 

88 

65 

60 

76 

90 

105 

92 

60 

65 

76 

88 

87 

90 

55 

70 

62 

90 

86 

92 

56 

73 

76 

103 

80 

58 

73 

77 

90 

93 

63 

65 

85 

92 

100 

70 

101 

98 

80 

60 

68.4 

75 

82 

96 

90.3 

» 


25. 


"Tempe'rQture  of  Heat  Trcalment   ^  C. 


24. 


25. 


£7. 


28. 


Temperature  of  Heat  Treatme^nt  X. 


29. 


30, 


Tern pe/i-ature  ct  Heat  Trcaiwenl  °C. 


■ 

-Discussion  of  Results- 

The  Stoneware  clay  and  the  Streator  shale  burned  at 
400  and  460°C.  respectively,  did  not  set  when  mixed  with  CaO  and 
placed  in  the  moist  closet.    The  kaolin  calcined  at  these  tempera- 
tures showed  a  weak  pozzuols2iic  reaction.    Brovm  and  Montgomery"^ 
show  in  their  loss  in  weight  vs.  temperature  curve  that  there  is 
not  an  appreciable  loss  in  weight  in  heating  a  #2  fire  clay  or  a 
shale  until  470°C.  is  reached  while  in  the  case  of  a  kaolin  a 
considerable  loss  of  weight  occurs  between  400  and  450°C. 

There  is  an  increase  in  the  tensile  strength  of  the 
briquets  for  all  three  clays  up  to  and  thru  the  600°C.  treatment. 
The  Streator  shale  and  stoneware  clay  show  a  decided  decrease  in 
strength  when  calcined  at  700°C.    From  this  point  a  rapid  increase 
In  strength  is  evident  with  increased  calcining  temperature,  the 
stoneware  clay  reaching  its  maximum  strength  when  burned  to  800°C. 
The  Streator  shale  reaches  its  maximum  strength  when  burned  to 
900°C.    The  kaolin  shows  very  little  change  above  600°C.  and  the 
strength  may  be  said  to  increase  slightly  with  time.    Kaolin  sets 
more  slowly  than  Stroator  shale,  due  probably  to  the  lack  of  iron. 
Brown  and  Montgomery"^  show  in  their  curves  for  kaolin  a  practically 
constant  drying  shrinkage  up  to  400°C.  then  a  decrease  up  to  about 
600°C.,  after  which  there  is  no  change.    Their  dehydration  curves 
show  that  the  chemical  water  is  largely  driven  off  below  this 
temperature.    The  curves  of  Brown  and  Montgomery  show  a  decidedly 
increased  dryinp:  shrinkage  for  shales  and  fire  clays  calcined  at 
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600-  600°C.  over  that  at  temperattires  above  or  ImmGdiately  below 
this  range. 

After  the  maxiinuiD  point  of  Streator  shale  and  stoneware 
is  reached  there  is  a  decrease  in  tensile  strength.    This  occnrs 
between  900°  and  1000°  for  the  stoneware  clay  and  800°  to  1000°C. 
for  the  Streator  shale.    Mellor  and  Holdcroft    ^  show  an  exothermic 
reaction  taking  place  in  clays  where  bnrned  in  the  neighborhood  of 
800°0.    Heating  curves  show  such  a  reaction  at  800°-  950°  for 
different  clays.    Mellor  and  Holdcroft"^    suggest  that  this  exother- 
mic reaction  might  be  due  to  a  chemical  recombination  of  the  avail- 
able SiOg  and  AlgOg  to  form  a  new  compound  probably  SiUimanite,- 
AlgOg'  SiOg. 

-Conclusions- 

1,  As  seen  by  the  curves,  time  plays  an  important  part 
in  developing  the  strength.    The  Streator  shale  and  the  kaolin 
increase  in  strength  with  time  while  the  stoneware  clay  decreases 
in  strength,  due  probably  to  the  high  content  of  alumina.  High 
alumina  in  Portland  cement  causes  a  rapid  and  hard  set  for  a  short 
time  but  after  two  to  six  months  there  is  a  decided  decrease  in 
strength.    The  seven  and  fourteen  day  briquets  were  too  low  to 

be  tested  except  in  the  case  of  stoneware  clay,  the  strength  in 
this  case  being  quite  low. 

2.  It  is  evident  that  the  clays  become  active  chemical- 
ly during  their  dehydration  period  and  react  readily  with  strong 
bases.    The  curves  of  Brown  and  Montgomery  show  special  activity 

of  clays  when  mixed  thus  with  water  after  calcining  to  these 
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S2. 

temperatures. 

3.  A  decrease  in  chemical  activity  is  noted  after  the 
600°C  treatment  which  also  compares  with  the  results  of  Brown  and 
Montgomery. 

4.  Ahove  700°C.,  the  rapid  increase  in  strength  is 
evidence  of  a  dissociation  or  polsrmeric  change  in  the  clay  con- 
stituents which  leaves  readily  available  SlOg  or  AlgOg  or  "both. 
Maximum  strength  is  developed  at  800°C.  in  the  case  of  the  stone- 
ware clay  and  at  900^  with  the  shale. 

5.  At  temperatures  above  800°C.  and  900°C.  for  the 
stoneware  clay  and  the  shale  respectively,  the  strength  developed 
by  the  reaction  with  CaO  decreases  rapidly.    This  is  probably  due 
to  the  recombination  of  SiOg  and  AlgOg  in  the  clay,  making  it  un- 
available for  reaction  with  the  base.    The  exothermic  reaction 
occurring  in  clays  at  these  temperatures  is  evidence  of  chemical 
combination  of  some  sort  and  the  failure  of  the  Dozzuolane  reac- 
tion shows  a  reduction  in  the  available  SiOn* 


